Background The medical examination after rapes has two main goals: to provide high-quality care for the victim and to collect evidence to be used in the crime investigation. Collected samples are sent for forensic analysis upon police request. However, little is known about how the police select cases to be submitted for analysis. Furthermore, few studies report the DNA findings and associated factors.
Til slutt vil jeg rette en stor takk til min familie som alltid stiller opp og støtter meg. Til min samboer Lars, du er min bauta. Og til vår sønn Lucas, du sprer uendelig med kjaerlighet, glede og energi og får meg til å koble helt av. Trondheim, 9.juni 2016 Introduction Sexual assault is a prevalent, underreported and underprosecuted crime (2, 3) . A national prevalence study reports a prevalence of 9.4 % (4). There has been a steady increase in the number of police-reported rapes in Norway, from about 400 per year during the 1990'ies to more than 1200 cases per year in 2014 (5, 6) . In addition, about 1200 adult patients contact one of the Norwegian Sexual Assault Centre's (SAC's) each year, independent of police reporting (7) . However, only one in ten rapes is reported to either police or health care (4, 8) , see Figure 1 .
Among rape victims attending Nordic SAC's after rape, 50 -70 % of cases are reported to the police, and vice versa (8) (9) (10) . Despite increasing rates of police-reported rapes, the number of cases proceeding to prosecution (taken to court) is low and almost constant (11).
A SAC provides acute medical care to victims of sexual assaults and discloses medico-legal findings important for both the woman's health and legal interests. The forensic part of the examination aims to preserve possible DNA evidence (e.g. semen/spermatozoa, blood and epithelial cells) (12) (13) (14) . Studies report that biological trace evidence is collected by medical staff in 54 -91 % of the cases (8, 10, (15) (16) (17) , typically including the victim's clothing, specimen samples such as hair and nail, and oral, vaginal, anal and body surface swabs (12, 18) . The police collects trace evidence from the suspect and biological material form the venue. The forensic medical examination can provide crucial evidence in the investigation and prosecution of a rape (12, 19) .
Traditionally, the analyses of trace evidence in police-reported rapes has been seen as a resourcedemanding and not always a prioritized investigative step (20) . The police is responsible for submitting the collected evidence to a forensic laboratory for analysis (12) . However, studies disclose that more than 40 % of collected evidence is never submitted for analysis, hampering available forensic evidence to be used in the investigation and prosecution of the cases (12) (13) (14) 16) . Two Scandinavian studies report that trace evidence are analyzed by the forensic lab in 51 -57 % of the cases (8, 10) . Nowadays, the police tends to request more analyses, but still much trace evidence is left behind at the SAC (10) . Little is known about how the police selects cases to be submitted for analysis. Previous research has indicated that the police is considering contextual factors in this decision (13, 14, 21) .
Primarily, the forensic laboratory determines whether semen and/or spermatozoa are present on the vaginal swabs or any of the other evidence items collected. If no semen/spermatozoa are detected, the analytical challenge is to detect other sources of biological material, commonly blood or epithelial cells (22) . Spermatozoa are an excellent source of DNA and may be of high forensic importance in a sexual assault case. Identifiable spermatozoa may survive for a long time, e.g., in the uterine cervix of fertile women up to 7 days and almost "forever" on dried clothing (23, 24) .
Detection of spermatozoa could prove a sexual contact, but more importantly, makes it possible to identify the suspect through DNA-profiling. However, DNA-profiling can only demonstrate whether the person's DNA is present, and is alone not an evidence of rape (3) . On the other hand, it is important to highlight that although the suspect's DNA is not detected in trace evidence collected from the victim`s body, it does not exclude him as a suspect (9) . In addition, the presence on a suspect's skin (e.g., in swabs collected from finger or penis) or clothes of cells from the victim, may impact the proceeding of a rape case. Also, samples collected from the venue may contain biological evidence crucial to the crime investigation. DNA is an important tool for forensic investigation, helping to convict perpetrators and clear innocent subjects (25, 26) . Today, improved analytical techniques and DNA-registers enhance the possibilities of detecting and interpreting DNA evidence.
From September 1, 2008, due to changes in the DNA Procedure Act, the DNA-register could be used in investigation and prosecution of criminal cases (27) . Today, the National Criminal Investigation Service (Kripos) administrates the national DNA-register. The increasing number of crime perpetrators included in the DNA-register is valuable for the use of DNA-profiling in crime investigation (28) . To our knowledge, no published literature has reviewed the overall results and experiences regarding the use of this register in Norwegian rape cases.
Spermatozoa have been detected in 35 -59 % of the cases in several studies (8, 25, 29) and a DNA match with a suspect was achieved in 14 -16 % of the cases in Scandinavia (8, 10) . However, there is consistency in previous research that a low percent of the trace evidence analyses are positive in rape cases (30) . This may be explained by late attendance at the SAC, hygienic measures undertaken after the rape, variations in vaginal flora, sexual dysfunction/non-ejaculation or use of condom by the suspect, and also use of spermicidal agents or oral contraceptives, or after digital penetration (25, 31, 32) . It may also be due to the work of the health care and police system or poor sensitivity of the laboratory's tests (15, 17) .
Research focusing on medico-legal evidence in sexual assault is scarce. Studies published so far from SACs or police case series mostly focus on sociodemographic data and injuries. Only a few case series worldwide report the results of forensic analyses and describe factors associated with analyses of trace evidence and detection of spermatozoa and a DNA match.
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The aim of this study was to examine whether certain victim-, suspect-and assault characteristics, were associated with (1) forensic analysis of trace evidence, (2) detection of spermatozoa and (3) DNA match in police-reported cases of rape/attempted rape. In addition, we explored whether DNA findings were associated with police investigations and legal outcome.
Self-reported rape in population surveys
Police reported rapes and attempted rapes Reported rape / sexual assault to a Sexual assault center Police reported rapes and attempted rapes and medical information present 
Material and Methods

Design and sample
We conducted a retrospective descriptive study based on police-reported cases of rape and attempted rape of female victims ≥ 16 years of age in Sør-Trøndelag Police District (STPD) between January 1, 1997 and December 31, 2010. Cases were selected based on the former Norwegian Penal Code (33) . According to the law (Chapter 19, Section 192), rape was regulated as in the following abbreviated version; penetration of penis/finger/foreign object in vagina/anus, penis in mouth, masturbation, and coercion by means of violence, threats, or during impaired consciousness (10, 33) . Attempted rape is also punishable, but was covered by another paragraph in the Norwegian Penal Code. Altogether 697 cases were reported during the study period. Cases were excluded according to Figure 2 . Male victims (n = 26), minors (≤ 16 years of age, n = 77), unidentified victims (n = 4) and duplicate registrations (n = 21) were excluded, leaving a total of 569 cases eligible for the study. Further 10 patients from the SAC declined having their medical information used in the study. Medical information from the SAC at St.Olavs university hospital, Trondheim, Norway, was available in 324 of the cases. Details of the procedure are described elsewhere (9, (34) (35) (36) (37) (38) .
Data collection and storage
Clinical, forensic, and laboratory information was extracted from the patients' records and the police files. For the period 1997 -2003, information was fed manually into a paper-based registration form. For the period 2003 -2010, the data was registered through a web-based data collection system (case report form, CRF). For this study, laboratory reports extracted from the police files (from the period 2003 -2010) were converted into the web-CRF (Appendix 1). These web-CRF's were then merged with the rest of the data from the original project (9) .
Variables
Victim characteristics were collected from SAC medical records and included age, origin, living situation, occupational status and vulnerability factors, as well as voluntary alcohol intake. Victim origin was classified as Western if stated as Western Europe, North America or Oceania, else classified as Non-Western. Self-reported alcohol intake in relation to the assault was categorized into none, < 5, or ≥ 5 units of alcohol. The latter category included being clinically intoxicated.
One alcoholic unit was defined as 12 g ethanol. Data regarding interval from assault to sampling were also collected from the hospital SAC.
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Suspect-and assault characteristics, as well as investigational-and legal data were collected from the police records. Information reported by the victim was used in case of an unidentified suspect and from SAC records in case of missing information in the police files. Suspect characteristics included sex, age and (assumed) origin, the latter classified as for victim characteristics.
The type of sexual assault was defined as penetrative or non-penetrative. Penetration included both penile and foreign object penetration of anal, vaginal and oral orifices. Since one of the purposes of this study was to examine the prevalence of spermatozoa, penetration by a finger (contrary to the law) and sexual acts like forced masturbation, attempted penetration and touching up/fondling were defined as no penetration. The victim/suspect relationship was dichotomized into known and stranger. The suspect was defined as being known to the victim if he was a current or previous partner/husband/boyfriend, family member, acquaintance and casual acquaintance (known < 24 h). If the victim had never seen the suspect before he was categorized as a stranger. Physical violence was dichotomized into yes and no, the latter including verbal threats. Venue was defined as private, included the victim's, suspect's or other person's residence. Public venue, included any public indoor or outdoor location or a vehicle.
Investigational data included information on whether the police had interrogated the suspect and/or witnesses and whether they had inspected the venue, as well as information regarding admittance of sexual contact or rape/attempted rape. According to the Norwegian Administration of Justice Act, legal outcome was categorized into four main categories: charges filed; insufficient evidence; no suspect identified; and no crime/accusation withdrawn. In cases of more than one suspect, information regarding the most active suspect was used.
Detection of spermatozoa and a DNA match between victim and suspect, was based on laboratory reports from the FMI 1 (Institute of Forensic medicine, Oslo, Norway), available in the police records. These were all reviewed and re-coded. The results of trace evidence analyses were categorized as match, no match and other, for further descriptions see Table 4 . To establish whether there is a DNA match between the victim and the suspect, the police requests forensic analyses of trace evidence collected on swabs and/or clothes collected from the victim (mostly at the SAC) and/or the suspect (collected by the police), as well as biological material from the venue (collected by the police). Identical DNA profiles recovered from an evidence sample (swabs/clothes/material from the venue) and from reference swabs collected from the victim or the suspect (by the police), was termed a DNA match. Cases classified as "other" regarding DNA 7 match, included: no reference; no suspect; no tested material; too little DNA; and missing information. In case of discrepancy between police and medical record information, police files were regarded as gold standard.
Study approval
The study was approved by the Regional Committee for Medical and Health Research Ethics 
Statistical analyses
Results
Descriptive information regarding victim characteristics among the 324 police-reported cases with medical record at the SAC is summarized in Table 1 Figure 2 .
Victim-, suspect-and assault characteristics related to the police decision to request analysis are described in Table 2 . Analysis of trace evidence was associated with patient age being > 18 years (p = 0.047), a public venue (p = 0.006) and interval from assault to sampling being < 24 h (p = 0.033). the rape/attempted rape, 90 % were positive for spermatozoa (p = 0.003). In addition, there was an association between detection of spermatozoa and a penetrative rape (p = 0.006). Although not statistically significant, there was a trend towards more evidence of spermatozoa in cases with a private venue (p = 0.082).
A considerable amount of information was missing regarding detection of a DNA match between victim and suspect. Among the available trace evidence samples collected from the victim and/or the suspect (swabs and/or clothes) and/or the venue, 143 cases were sent for analysis at the FMI.
The forensic analyses demonstrated matching DNA profiles in 57 cases (40 %), no matching DNA profiles in 50 cases (35 %), and finally 36 cases (25 %) were classified as "other". The results and further details regarding the cases are presented in Table 4 . A DNA match was associated with absence of victim vulnerability factors (p = 0.001), the victim being known to the suspect (p = 0.013) and a private venue of the assault (p = 0.013). In addition, interrogation of the suspect (p < 0.001), inspection of the venue (p = 0.013) and the suspect admitting sexual contact (p = 0.003),
were associated with a DNA match. A higher proportion of cases with DNA match were prosecuted (p < 0.001).
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In the absence of matching DNA profile between the collected evidence and reference samples from the victim and/or the suspect, 63 % of the victims reported mental health problems or substance abuse. Among the cases classified as "other", no suspect was identified in 53 %, and the police did not inspect the venue in 44 % of the cases. DNA extracted from swabs and/or clothes from the victim matched the suspect's DNA profile in 40 cases. DNA extracted from swabs and/or clothes from the suspect matched the victim's DNA profile in 11 cases. Material collected form the venue matched the suspect's and the victim's DNA profile in 5 cases. In one case, abortion material matched the suspects DNA profile. 9 29 cases were coded as «no DNA match detected». In 21 cases DNA extracted from swabs and/or clothes from the victim mismatched the suspect's DNA profile. 10 In case of no reference, DNA of an unknown male was detected in 20 cases. Too small amounts of DNA to give a conclusive DNA typing were extracted from the collected samples in 13 cases. In 2 cases information regarding the results of the DNA typing was missing. In 1 case no suspect and no material was tested.
Fisher's Exact Test
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Discussion
We found that trace evidence, in terms of swabs and clothes, was collected from the victim in 299 of the 324 cases (92 %), and analyzed in 135 of the 299 cases (45 %). In comparison, studies report that biological trace evidence is collected by medical staff in 54 -91 % of the cases (8, 10, (15) (16) (17) .
While two Scandinavian studies report that trace evidence is analyzed by the forensic laboratory in 51 -57 % of the cases (8, 10) .
The presence of spermatozoa on swabs and/or clothes collected from the victim in this study (61 %) is higher than in several other studies. In two studies from Denmark and Finland respectively, spermatozoa were detected in 35 % (8) and 46 % (29) . Only in a recently published study from Costa Rica, 59 % of the samples tested positive for spermatozoa (25) . The high detection rate of spermatozoa in our study could be due to improved quality of evidence collection and increased sensitivity of modern laboratory techniques (3, 39) .
A DNA match between victim and suspect was detected in 40 % of the cases, with the largest group of cases being swabs and/or clothes from the victim matching the suspect's DNA profile from the reference test. In two Scandinavian studies a DNA match between victim and suspect was found in 14 % (8) and 16 % (10) of the cases. Spermatozoa is a forensic evidence that gains further importance with the increased availability and progressive advances in DNA-profiling techniques and increased use of the DNA-register (2, 19) . Hence, more analyses are expected to be performed (10) . In addition, it will be possible to identify offenders in previously unsolved crimes. Among the cases classified as "other", a DNA profile of an unknown male was detected and entered into the DNA-register in 56 % of the cases. As a result, eventual future crimes performed by these same individuals, may later identify the suspects from some of the rape cases included in this study. Our material was updated until November 2012, and possible later detection of a suspect will therefore not be captured in the results presented above.
We found that the police's decision to request analysis of trace evidence material was significantly associated with a public venue of the assault. In contrast, spermatozoa are more often detected in case of a private venue. In addition, there was a higher proportion of matching DNA profiles in cases with a private venue. Prior research has indicated that the police considers victim and assault characteristics when deciding whether to request an analysis (13, 14) . A US study suggested that the decision to submit forensic material for analysis frequently was dependent on the status of the suspect in the crime investigation and the perceived quality of the available evidence (21) . This selection might result in a loss of medical evidence, especially in cases where the suspect denies sexual contact (10) . However, studies have shown that the offender seldom denies sexual contact with the victim in cases where trace evidence collection already has been performed (8, 15) . In cases where there evidentiary is a question of consensuality (i.e. in case of a known suspect and a private venue), forensic analyses may not add relevant information (34) , and a match does not necessarily lead to conviction (15) . In a South African study, a DNA report more often led to an acquittal because the DNA profile did not match that of the suspect (15) .
We found that the police requested more analyses and detected spermatozoa in as many as 90 % of the cases when the interval from assault to sampling was < 24 h. Early attendance after a penetrative rape makes it more likely to detect spermatozoa. In addition, when there is a longer interval from assault to sampling, there may be less remaining evidence and the police may question the victim's reliability. However, it is important to remember that spermatozoa may survive in the female genital tract for as long as 7 days (3, 19, 23) , implying that evidence may be lost if the SAC has access for victims only up to 72 h post-assault.
Few studies have been able to combine victim background and assault characteristics, forensic medical examination, crime investigation and DNA results (10) . In our study, more cases were prosecuted in case of a DNA match. However, almost 60 % of the cases with a DNA match were dismissed because of insufficient evidence. The increased discrepancy between the number of reported rape cases and those proceeding to prosecution, may reflect an increase in police-reported cases that are more challenging to the legal system. A DNA match was detected in a higher proportion of cases when the police had interrogated the suspect and inspected the venue, which may reflect that the police are putting more effort in cases being more likely to proceed. Also, a DNA match was detected in a higher proportion of cases when the victim reported no vulnerability factors. When there were no matching DNA profiles, 63 % of the victims reported mental health problems or substance abuse. It is important to underline the fact that the police requested analyses and detected spermatozoa in about the same proportion of cases independent of victims' vulnerability factors. A more in-depth or qualitative study may assess the impact of vulnerability factors and catch light on steps other than DNA match important for a case to proceed.
Few studies assess the impact of forensic evidence, and reported results are inconsistent. Most previous studies have focused on the impact of injuries on legal outcome; some report a significant association (40) others have found no such association (41) (42) (43) . No studies have shown an association between sperm detection or DNA match and conviction (40) (41) (42) (43) . However, detection of DNA is potentially important and testing should be pursued. The possible DNA match is difficult to interpret as a predictor for conviction, because its influence is reduced by (1) missing evidence collection, (2) collected evidence not being sent for laboratory analysis, and (3) missing reference samples from the suspect. Studies from both high and low/middle income countries report that DNA analyses was not yet the standard during the study period (39, 44) , partly explaining why non-medical variables have shown such a strong influence on case outcome (18, 41) . With the consistent availability of high-quality medical forensic examination and laboratory techniques, DNA analyses may gain more importance in determining case outcome than what the literature has traditionally found (2) . Both an American and an Australian study have concluded that DNA evidence significantly increases the likelihood of case progression (2, 45) .
Strengths and limitations
This study has several limitations. Firstly, it is important to highlight that this is a study of policereported cases of rape/attempted rape. It is unknown whether a crime actually has taken place.
Secondly, the results only pertain to victims of rape/attempted rape who report to police and present to the SAC in a Nordic setting. Thirdly, the nature of a retrospectively designed study means that information has not been collected in a research context using standardized CRFs. The reliability of the data is influenced by both the accuracy of the victims' and the suspects' selfreported descriptions, as well as the police officers' and the physicians' descriptions. Finally, some variables have a rather small effect size, which may make it difficult to determine significant associations. The amount of missing data may also bias the results. Additionally, it should be pointed out that statistical association does not imply a causal relationship. It is difficult to ascertain the direct effects of medico-legal findings on police and court decisions. For further methodological limitations see (34) and (9).
Despite the above-mentioned imitations, the exploration of this rather large study sample based on files from the police, SAC, and FMI, has contributed to filling a gap of knowledge on the impact of trace evidence analyses and DNA matching in the investigation of rape cases in a Norwegian police district. It is a strength to our study that we have merged information from three data sources and utilized available technologies for DNA-profiling, enabling us to present our DNA findings and associated factors. The long follow-up allows for a final legal conclusion. 20 21
Conclusions
Medico-legal examination and collection of trace evidence are important tools in the investigation and prosecution of rape cases. When there was a DNA match between the victim and suspect, a higher proportion of cases were taken to court. Nevertheless, DNA evidence should always be considered in the scope of other evidence and aspects of the police investigation and the work of the court (10) . Our study has provided descriptive data regarding trace evidence analyses and identified potential factors influencing forensic analyses and DNA findings. The results may improve the quality of the health and police systems, enabling forensic evidence collection and analysis as well as DNA-profiling to realize its potential.
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